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Instrumentation
Thin layer chromatography (TLC) was conducted on pre-coated aluminum sheets with 0.20 mm Merk
Millipore Silica gel 60 with fluorescent indicator F254. Column chromatography was carried out using
Merck Gerduran silica gel 60 (particle size 40-63 m). Preparative thin layer chromatography was conducted on UNIPLATE TM analtech silica gel GF TLC plates glass-backed 20 × 20 cm 1500 µm. Melting points (mp) were measured on a Gallenkamp apparatus in open capillary tubes and have not been corrected.
Nuclear magnetic resonance: (NMR) spectra were recorded on a Bruker Fourier 300 MHz spectrometer equipped with a dual ( 13 C, 1 H) probe, a Bruker AVANCE III HD 400MHz NMR spectrometer equipped with a Broadband multinuclear (BBFO) SmartProbe™ or a Bruker AVANCE III HD 500MHz Spectrometer equipped with Broardband multinuclear (BBO) Prodigy CryoProbe. 1 H spectra were obtained at 300, 400 or 500 MHz, 13 C spectra were obtained at 75, 100 or 125 MHz and 11 B were obtained at 128 MHz all spectra were obtained at r.t. if not otherwise stated. Chemical shifts were reported in ppm according to tetramethylsilane using the solvent residual signal as an internal reference (CDCl 3 :  H = 7.26 ppm,  C = 77.16 ppm; CD 2 Cl 2 :  H = 5.32,  C = 54.00). Coupling constants (J) were given in Hz. Resonance multiplicity was described as s (singlet), d (doublet), t (triplet), dd (doublet of doublets), dt (doublet of triplets), td (triplet of doublets), q (quartet), m (multiplet) and bs (broad signal). Carbon spectra were acquired with a complete decoupling for the proton. Infrared spectra (IR) were recorded on a Shimadzu IR Affinity 1S FTIR spectrometer in ATR mode with a diamond mono-crystal. Mass spectrometry: (i) High-resolution ESI mass spectra (HRMS) were performed on a Waters LCT HR TOF mass spectrometer in the positive or negative ion mode.
(ii) High-resolution MALDI mass spectra (HRMS) was performed on a Bruker Autoflex speed MALDI-Tof, the sample was prepared with a 1:1 ratio of sample to the matrix DCTB (15 mg/mL) in DCM, all this analysis were carried out at Cardiff university. Photophysical analysis: Absorption spectra of compounds were recorded on air equilibrated solutions at room temperature with a Agilent Cary 5000 UVVis spectrophotometer, using quartz cells with path length of 1.0 cm. Emission spectra were recorded on a Agilent Cary Eclipse fluorescence spectrofluorometer. Emission lifetime measurements were performed on a JobinYvon-Horiba FluoroHub single photon counting module, using Nano-LED pulsed sources at 372 nm.
Recycling Gel Permeation Chromatography (GPC) was performed on a LC-9110G NEXT system equipped with JAIGEL 2HH and 2.5HH columns and a FC-3310 collector. GPC on final oligomeric fraction was performed at university of Warwick, Polymer Characterization Research Technology Platform, Gibbet Hill Road, Coventry. CV4 7AL. All SEC data was recorded on an Agilent Infinity II MDS instrument equipped with a differential refractive index (DRi), dual angle light scatter (LS) and viscometry (VS) detectors. The system was equipped with 2 × PLgel Mixed C columns (300 × 7.5 mm) and a PLgel 5 µm guard column.
The mobile phase was CHCl 3 stabilized with 2 % TEA (triethylamine) and run at a flow rate of 1 mL min -1 at 30 °C. Agilent poly(methylmethacrylate) (PMMA) EasiVials were used to create a third order calibration from DRi data between: 1,568,000 and 550 g mol -1 . 
Materials and methods

Xyl molecules
Data collections were performed at the X-ray diffraction beamline (XRD1) of the Elettra Synchrotron, Trieste (Italy) [1S] . The crystals were dipped in NHV oil (Jena Bioscience, Jena, Germany) and mounted on the goniometer head with kapton loops (MiTeGen, Ithaca, USA). Complete datasets were collected at 100 K (nitrogen stream supplied through an Oxford Cryostream 700 -Oxford Cryosystems Ltd., Oxford, United Kingdom) through the rotating crystal method. Data were acquired using a monochromatic wavelength of 0.700 Å, on a Pilatus 2M hybrid-pixel area detector (DECTRIS Ltd., Baden-Daettwil, Switzerland). The diffraction data were indexed and integrated using XDS. [2S] For triclinic 2 Xyl crystal form, two different datasets collected from two different random orientations, have been merged using CCP4-Aimless code. [3S, 4S] The structures were solved by the dual space algorithm implemented in the SHELXT code. [5S] Fourier analysis and refinement were performed by the full-matrix least-squares methods based on F 2 implemented in SHELXL (Version 2018/3) [6S] . The Coot program was used for modeling. [7S] None of the 3 Xyl crystals tested diffracted better than ~1.0 Å: this is consistent with the presence of huge voids in the crystal packing, filled with disordered solvent molecules. Electron content of cavities have been estimated with the SQUEEZE routine of PLATON. [8S] One ordered pentane molecule (with 50% occupancy) has been modeled in the asymmetric unit (ASU) of 3 Xyl , while not construable residual density have been squeezed (3103 electrons in 12195 Å 3 -45% of the unit cell volume). The disordered solvent have been estimated as additional 11.5 pentane molecules in the ASU; contributions of these molecules have been included in the properties reported in Table S1 . Anisotropic thermal motion refinement have been used for all non-solvent atoms. Hydrogen atoms were included at calculated positions with isotropic U factors = 1.2 U eq or U factors = 1.5 U eq for methyl groups (U eq being the equivalent isotropic thermal factor of the bonded non hydrogen atom).
Restrains on bond lengths, angles and thermal motion parameters (DFIX, DANG, SIMU and DELU) have been applied on disordered borazine fragments (in 2 Xyl and 3 Xyl ) and for pentane molecule (in 3 Xyl ). Pictures were prepared using Ortep3 [9S] and Pymol [10S] software. Essential crystal and refinement data are reported below (Table S1 ).
Crystal forms of 1 Xyl , 2 Xyl , 2 XylOHRod , 2 XylOH Plate and 3 Xyl are described by one complete molecule in the asymmetric unit (ASU; Figure S1 ). 
E) F)
Figure S1: Ellipsoids representation of ASU contents (50% probability) for: A) 
Mes
In a flame dried 20 mL Schlenk-type flask, aniline (0.26 mL, 2.85 mmol), p-phenylendiamine (0.15 g, 1.40 mmol) and dry toluene (6 mL), were added. The mixture was heated at 80 °C under Ar and BCl 3 (1 M in heptane, 6.00 mL) added dropwise. The resulting suspension was stirred under refluxing conditions for 18 h, then cooled down to r.t. and subjected to 5 freeze-pump-thaw cycles to remove the excess HCl. In parallel, to a solution of 2-bromomesitylene (0.71 mL, 4.70 mmol) in dry THF (15 mL), t BuLi (1.7 M in hexanes, 5.80 mL) was added dropwise at -84 °C. The solution was allowed to warm at 0 °C and stirred for 10 min. the degassed toluene suspension was thus transferred to the organometallic-containing THF solution at 0 °C and allowed to react for 18 h at r.t.. The final mixture was diluted with EtOAc (90 mL) and washed with water (3 × 100 mL) and brine (50 mL). The organic layer was dried over MgSO 4 and evaporated under reduced pressure. The products were purified by silica gel column chromatography (eluent: PE*/ CH 2 Cl 2 8:2) to afford 1 Mes (36 mg, 6%) as white powder. Additionally, a mixture of other products was obtained. These were separated by Rec-GPC using CHCl 3 as eluent to afford 2 Mes (40 mg, 5%) as white powder. 137.45, 137.33, 136.61, 136.10, 135.52, 127.24, 126.55, 126.39, 126.20, 125.83, 124.05, 22.87, 22.58, 21. In a flame dried 100 mL Schlenk-type flask, aniline (0.49 mL, 5.37 mmol), p-phenylendiamine (0.29 g, 2.68 mmol) and dry toluene (12 mL) were added. The mixture was heated at 80 °C under N 2 and BCl 3 (1 M in heptane, 11.5 mL) added dropwise. The reaction was cooled down to 0 °C and stirred for 10 min. The resulting suspension was heated under refluxing conditions for 18 h, cooled down to r.t. and subjected to 5
freeze-pump-thaw cycles to remove the excess HCl. In parallel, to a solution of 2-bromo-1,3-dimethylbenzene (2.16 mL, 16.08 mmol) in dry THF (40 mL), n BuLi (1.6 M in hexanes, 10.70 mL) was added dropwise at -84 °C. The solution was allowed to warm at 0 °C, and stirred for 10 min. The degassed toluene suspension was transferred to the organometallic-containing THF solution at 0 °C and allowed to react for 18 h at r.t.. The final mixture was diluted with EtOAc (150 mL) and washed with water (2 × 100 mL) and brine (2 × 100 mL). The organic layer was dried over MgSO 4 and evaporated under reduced pressure. The solid residue was precipitated from cold MeOH and filtered. The resulting white solid was purified by silica gel column chromatography (eluent: PE/ CH 2 Cl 2 7:3) to afford 1 Xyl (182 mg, 16%) and 2 (107 mg, 7%) as white powders. Additionally, 3 fractions composed by mixtures of products were obtained.
The first 2 fractions were purified by Rec-GPC using CHCl 3 as eluent. Purification of the first fraction afforded 3 xyl (19 mg, 1%) and 2 XylOH (22 mg, 2%) as white powders. Purification of the second fraction gave 4 Xyl , which was further purified with preparative TLC (eluent: PE/ CH 2 Cl 2 6:4) to give the desired product (2 mg, 0.1%). The third fraction was analyzed by GPC at Warwick university and resulted in a mixture of hydroxylated oligomers (see section 4 for GPC analysis). 3008.95, 2947.23, 2916.37, 2854.65, 1595.13, 1489.05, 1427.32, 1355.96, 1288.45, 1072.42, 1026.13, 765.74, 748.38, 727.16, 696.30, 567.07, 528.50, 518.85 145.94, 142.09, 137.57, 137.50, 127.09, 126.79, 126.65, 125.86, 125.63, 125.34, 124.40, 23.06, 22.94. 11 B NMR (160 MHz, CDCl 3 ) δ: 37.13. IR (ATR)  (cm -1 ): 3057.17, 2943.37, 2914.44, 2858.51, 1595.13, 1489.05, 1452.4, 1352.10, 1288.45, 1070.49, 1018.41, 765.74, 698.23 79-6.78 (m, 4 H), 6.76-6.64 (m, 16 H), 6.60-6.56 (m, 2 H), 6.53-6.48 (m, 10 H) 146.13, 146.04, 145.95, 144.32, 143.54, 142.87, 140.14, 139.55, 137.56, 137.52, 137.41, 137.25, 127.96, 127.48, 127.45, 127.19, 127.07, 126.97, 126.91, 126.87, 126.85, 126.80, 126.67, 125.89, 125.86, 125.56, 125.41, 125.38, 125.30, 125.10, 124.61, 124.56, 124.38, 23.17, 23.12, 22.92, 22.83 10, 3059.10, 2916.37, 2854.65, 1678.07, 1597.06, 1508.33, 1490.97, 1452.40, 1425.40, 1354.03, 1307.74, 1213.23, 1163.08, 1122.57, 1074.35, 846.75, 765.74, 748.38, 729.09, 719.45, 696.30, 657.73, 607.58, 574.79, 526.57 145.97, 145.94, 141.97, 141.92, 137.58, 137.55, 137.48, 127.13, 127.07, 126.76, 126.68, 126.63, 126.51, 126.39, 126.00, 125.64, 125.60, 125.51, 125.32, 124.39, 124.20, 23.07, 22.97, 22.95, 22.75 
Figure S14:
11 B NMR 160 MHz of 1 Xyl in CDCl 3, *probe residual signal [12S] . 
3.7
Characterization of oligomeric fraction Figure S30 : 11 B NMR 160 MHz of oligomeric fraction in CDCl 3, * probe residual signal .
GPC analysis of oligomeric fractions Size Exclusion Chromatography
All SEC data was recorded on an Agilent Infinity II MDS instrument equipped with a differential refractive index (DRi), dual angle light scatter (LS) and viscometry (VS) detectors. The system was equipped with 2 x PLgel Mixed C columns (300 x 7.5 mm) and a PLgel 5 µm guard column. The mobile phase was CHCl3 stabilised with 2 % TEA (triethylamine) and run at a flow rate of 1 mL min-1 at 30 °C. Agilent poly(methylmethacrylate) (PMMA) EasiVials were used to create a third order calibration from DRi data between: 1,568,000 and 550 g mol-1 ( Figure S31 ). In order to check system stability and reproducibility, vials containing narrow 14,920 g/mol PMMA and only eluent were injected with the samples ( Figure S34 and Figure S35 ). The Mp of the standard is shown in Table S2 . 
